A convenient synthesis of the new enamine derivatives 2-diethylamino-3-(3-methyl-2-butenyl)-1,4-naphthalenedione (2), 2-ethylamino-3-(3-methyl-2-butenyl)-1,4-naphthalenedione (3), 2-diethanolamino-3-(3-methyl-2-butenyl)-1,4-naphthalenedione (4), and 2-(1-piperazinyl)-3-(3-methyl-2-butenyl)-1,4-naphthalenedione (5) was carried out from natural 2-hydroxy-3-(3-methyl-2-butenyl)-1,4-naphtalenedione (lapachol, 1) and diethylamine, ethylamine, diethanolamine and piperazine, respectively. All products were fully characterized by IR, 1 H and 13 C NMR spectroscopy. Results revealed no antioxidant behavior for 1 and enamines 2 and 3, but antioxidant activity for enamines 4 and 5.
Large numbers of natural quinones are found in pigments, bacterial metabolites, coenzymes and vitamins. Polyprenylated quinones are mainly found in electron transport systems of animals, plants and microorganisms [1] . Several studies related to distribution, origin, structural determination and biological activities of quinones have been reported [1] . A field especially considered as a concours d'élégance is related to the development of new reactions and methodologies for the structural modifications of natural quinones and their resulting biological activities. One of the most interesting applications in this field is the synthesis of anthracyclines with a broad range of antitumor activities; many of these are being used in the practice of cancer chemotherapy [1] .
Lapachol (1) is a natural quinone found in higher plants from several families such as Verbenaceae, Proteaceae and especially Bignoniaceae. This secondary metabolite has been isolated in very good yield from Tabebuia serratifolia (Bignoniaceae), popularly known as "ipê-amarelo" in Brazil [2] . From an ethanolic bark extract of a specimen of T. serratifolia, 1 was obtained in 2.9% yield [3] . Several biological activities have been reported for this natural quinone, including anti-cancer, antiviral, antimicrobial, analgesic, anti-inflammatory, antimalarial, cercaricidal, and schistosomicidal, and also a potential activity against Trypanosoma cruzi, the causal agent of Chagas' disease [4] [5] [6] [7] [8] [9] . Harmful side effects, such as anemia, increase of coagulation time and gastrointestinal problems have also been reported to be associated with 1 [10] . A series of derivatives of 1 has been obtained in an effort to find analogs with biological activity [3, [11] [12] [13] [14] . In this communication, we wish to report the synthesis and antioxidant activities of enamines 2, 3, 4 and 5. It is noteworthy that compounds 2-5 are being reported for the first time in the literature. All compounds were fully characterized by IR, 1 H and 13 C NMR spectroscopy.
The initial experiment was to perform a kinetic study of the reaction between 1 and diethylamine (1:85). The mixture was stirred at room temperature for a varying period of from 1 to 24 h to afforded enamine 2. The time course of the reaction is presented in Figure 1 . Within 6 h, 2 was obtained in 95% yield. The above, optimized protocol was subsequently used for the reactions of 1 with ethylamine, diethanolamine and piperazine that led to the enamines 3 (44%), 4 (98%) and 5 (88%), 
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respectively. Reactions with diethylamine and ethylamine were performed using excess of these bases, while diethanolamine and piperazine were used in stoichiometric amounts. In this latter case THF was used as solvent. Antioxidant activity of 1 and derivatives 2-5 were evaluated using a method reported by Trevisan et al. [15] . This method is based on xanthine oxidase catalyzed oxidation of hypoxanthine to give uric acid and hydroxyl radical. The radical reacts with salicylic acid producing dihydroxybenzoic acids (2,3 and 2,5-DHBAs). Since the DHBAs were previously quantified by HPLC using a calibration curve, it is possible to assess the antioxidant activity of a chosen compound by quantifying the DHBAs in its presence.
The results obtained for lapachol 1 and derivatives 2-5 are presented in Figure 2 . as pro-oxidant compounds. On the other hand, when the antioxidant activity assay was performed with amines 4 and 5, lower quantities of DHBAs were afforded, indicating an antioxidant activity comparable with a standard, vitamin E, the IC 50 value for which is 12.24 mM; enamines 4 and 5 could scavenge 25% of the hydroxyl radical at concentrations of 3-4 mM. Above these concentrations, the compounds were not soluble. These results indicate that 4 and 5 might be good candidates as more stable non-toxic analogs of 1. In summary, we have demonstrated that enamines 2-5 could be easily obtained in moderate to good yields from lapachol 1 and diethylamine, ethylamine, diethanolamine, and piperazine, respectively. In addition, compounds 4 and 5 showed antioxidant behavior.
Experimental
General: NMR spectra were recorded on a Bruker DPX 300 (300 MHz for 1 H and 75 MHz for 13 C) spectrometer. IR spectra were run on a Perkin-Elmer 1000 FT-IR spectrometer using KBr pellets. Melting points were determined on a Mettler FP5 apparatus and are uncorrected.
Procedure for the reaction of 1 with diethylamine and ethylamine: A mixture of 1 (100 mg, 0.41 mmol) in freshly redistilled amine (35 mmol) was stirred for 6 h at room temperature and the excess amine was evaporated under vacuum. The residue was recrystallized from a mixture of EtOAc/n-hexane to yield 2 (95%) and 3 (44%).
Procedure for the reaction of 1 to diethanolamine and piperazine: A mixture of 1 (100 mg, 0.41 mmol), amine (0.41 mmol) and THF (7.5 mL) was stirred for 6 h at room temperature. When diethanolamine was used as nucleophile, solvent was removed and the crude product was washed with n-hexane, giving 4 (98%) as a dark red syrup.
When piperazine was used, the solvent was removed under reduced pressure and the crude product was recrystallized from a mixture of EtOAc/n-hexane to yield 5 (88%). Table 2 . -3-(3-methyl-2-butenyl) Table 2 . Piperazinyl)-3-(3-methyl-2-butenyl) Wenceslau et al.
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Antioxidant activity assay:
The assay used to determine the antioxidant potential of 1 and enamines 2-5 was based on the method of Trevisan et al. [15] . The compounds were dissolved in the assay buffer (1.0 mL) and tested in the concentration range of 0 -4 mM. A 10-µL aliquot of xanthine oxidase (18 mu) in 3.2 M NH 4 SO 4 was added to initiate the reactions. The sample tubes were incubated for 3 h at 37°C, at which time the reaction was complete. A 20 µL portion of the reaction mixture was analysed by HPLC using the mobile phase and conditions described by Trevisan et al. [15] .
Samples for determination of the antioxidant capacity were prepared by placing 0 -500 µL of methanol solutions (1.0 mg/mL) in 15 mL centrifuge tubes (in duplicate) and removing the solvent under a stream of nitrogen. Dried sample material was suspended in the assay buffer (1.0 mL) prior to addition of xanthine oxidase. The extent of dihydroxyphenol (2,5-dihydroxybenzoic acid and 2,3-dihydroxybenzoic acid) produced by hydroxyl radical (HO • ) attack on salicylic acid was determined from standard curves of the respective phenols.
